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SUMMARY )

The Izod-impact strengths and flexural properties of sev-
eral types of plastic laminates, which are elther in use or
have potential application in aireraft structures and parts,
were determined at different temperatures in the range of
~700 to0° 2000 .F,

The materials investigated were unsaturated-polyester
laminates relnforced with glass fabric and phenolic laminates
reinforced with asbestos fabric, high~strength paper, rayon
fabric, and cotton fadbrie., Both high-pressure and low-pressure
types of cotton~-fabric phenolic laminates were included.

The impact strength of specimens tested flatwise at 77° F
was 4 to 7 foot-pounds per inch of notech for all the laminates
except the glass fabric and rayon fabric lsminates. These two
mngterials had impact strengths of 31 and 17 foot-pounds,
respectively, at 77° ¥, The high-strength-paper, rayon-fabriec,
and asbestos~fabric phenolic laminates showed small changes in
impact strength between =700 and 2009 F. Cotton~fabric pheno-
llic laminates showed pronounced decreases in ipnpact strength
at the low temperaturs and small changes between 77% and 2009
F. The glass-fabric unsaturated-polyester laminates had in-
creased impact strengths at the low temperature.

The flexursl strengths and moduli of elasticity of all
the materials increased with change in the test temperature
from 779 to ~709 F, TUnger exposure to a 200° F temperature,
all materials except the asbestos-fabric laminate lost 30 to
40 percent of their flexural strength at 77¢ F and the modulil
of elasticity of all the materials, except the asbestos-fadbric
and one cotton-cloth phenolic laminate, decreased about 20
percent.
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Tests made at room temperature after heating the materi-
als at 2000 ¥ for 24 hours indicate that prolonged heating
with consequent loss of moisture content and further cure of
the resin may offset the effect of high temperature alone. In
flexural tests made at 1500 F and 90 percent relative humidity
two laminates showed considerable loss in strength.

INTRODUCTION

A knowledge of the effect of temperature on the strength
Properties of plastics is of considerable importance in ap-
plication of the materials for aireraft structural purposes.
Results obtained by various investigators {(references 1, 2,
and 3) on plastic materials indicate that considerable varia-
tion may be expected.

Oberg, Schwartz, and Shinn (reference 2) reported varia-
tions of 10 to 30 percent in the tensile and flexural proper-
ties of grades C, L, and XX phenolic laminates for the range
~380 to0 780 F. Data on resin-bonded plywood and compreg also
are included.

Norelli and Gard (reference 3) reported data for tensile,
compressive, and shear strengths and ternsile moduli of elas-
ticity for various phenolic laminates for temperatures rang-
ing from =670 F to as high as 3920 F in some instances. They
concluded that the percentage change in strength for
cellulose~-filled plastics is greater than for the mineral-
filled plastics. T

Meyer and Brickson (reference 4) determined the mechani-
cal properties of high-strength paper-base phenolic laminates
for temperatures from ~69° to 2000 F. TFor this temperature
range they found large variations in tensile, compressive, and
flexural strengths and somewhat smaller variations in modulus
of elasticity. The strength and modulus-of-elasticity values
diminished with increasing temperature.

In recent investigations by the Naval Air Experimental
Station (reference 5) considerable dats has been obtained at
77% and 1600 F on the mechanical properties of a variety of
Plastic laminates. The ultimate strength and modulus-of-
elasticity values were generally lower at the higher tempera-
ture but the percentage changes varied greatly for the
dlfferent materials.



NACA TN No. 1054 3

Izod-impact test data reported by Fuller (reference 6)
for grades L and XX phenolic laminates and for a glass-cotton-
fabric phenolic laminate indicate an increase in Izod-impact
strength with temperature for the cellulose—filled resin and
an opposite trend for the glass-cotton-fabric laminate for the
range -670 to 158° F. Shinn (reference 7) found that the N o
Izod-impact strength of paper and cotton-fabric phenolic lami-
nates increased with temperature over the temperature range
-67° to 1589 F and a similar trend was observed for paper and
cotton~fabric allyl laminates between ~67° and 77° F,

The present investigation was undertaken %to obtaln the
impact, flexural, tensile, and compressive sitrength properties
of representative laminates in the temperature range -70° to
200° F. Since testing at these temperature conditions pre- _
sents many problems not met in testing at room temperature, a
ma jor part of the project was concerned with the development
of apperatus and techniques. This report summarizes the re-
sults of Izod-impact and flexural tests on the selected mate-
rials. Both flexural strength and flexural-modulus-of-
elasticity data were obtained in the flexural tests.

This investigation, conducted at the ¥National Bureau of
Standards, was sponsored by and conducted with the financial
assistance of the National Advisory Committes for Aeronautics.

The courtesy of the Army Alir Porces, Bakelite Corporation,
Consolidated Water Power and Paper Company, Formica Insulation
Company, Pleskon Division of the Libbey-Owens-Ford Glass
Company, and the Synthane Corporation in furanishing materlals
for use in this investigation is gratefully acknowledged. The
cooperation of HE. J, Kaiser, R: W, Thiebeau, &, E. Brennser, )
end P. Pfaff of the National Bureau of Standards Instrument
Shop in the design and construction of the flexural apparatus
and the preparation of the test specimens alsc is appreciated.

MATERIALS

The materials selected for testing included commercial
grades of high- and low-pressure cotton-fabric phenolic lami-
nates, an asbestos-fabric grade AA phenolic laminate, a high-
strength-paper phenolic lamjinate, a rayon-fabric phenolic
laminate, two experimental phenolic laminates made with high
pressure and low pressure, respectively, using the same grade
C cotton fabric as filler, and two glass-fabrioc laminates
bonded with the same unsaturated polyester resin. The
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materials were supplied in nominal 1/8- and 1/2-inch thick-
nesses. A detailed description of the materials is contained
in table I.

DEFINITIONS

Irzod~-impact strength:

BEnergy to break the specimens divided by the dimension
along the notch of the specimen

Flexural properties for beam of rectanguler cross section sub-
jected to a concantrated load P at midspan:

Extreme fiber stress (at midspan)!

PL
4=

[/2]

"
ST
o

where

P load .
L span or distance between sgupports

b breadth of bean

d depth of beam

Flexural strength:

v .
Sy =§Pm_:

2 pa=

where Py is maximum load and other guantities are as defined
previously

Flexural modulus of elasticity:

1° P

BE =
4va® x

where x is the deflec¢tion at midspan and the other quantities
are as defined previously
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itial ulus o lastigit By 1is obtained when the
initial slope of the load-deflection curve is used for P/x.

Secant modulus of elasticity for the stress range O +to

S, 1is obtained from the above formula for E, using the
value of ©P; corresponding to S, and obtaining the corre-
sponding deflection =x, from the load-deflection curve.

Specific flexural strength:

Sp

(Szecific gravity)®?
Specific modulus of elasticity:

E

3
(Specific gravity)

where the specific gravity 1s taken as equal numerically to
the density in grams per cubic centimeter. ’

Statistical terms:
Hean.value:
The arithmetic mean of & set of measurements
Standard error of the mean (usually called the "standard

error" i1f no other statistic is referred to at%t the
same time):

rla + raa + r32 + . . . + rig + * L] . + rna
S.B, = -
n(n-1)

where

T3 the difference betvween the 1Ll measurement and the mean
value

n the number of measurements
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Standard error for the difference of tvo means:

2 2
S.E.p = ,/Qs.m.l) + (S.E,z)

vhere
S.EB,, standard error for first mean
S5.B.> standgard error for second mean

Criterion for significant difference between two means
(as for example when comparing the mean of a group of_
treated specimens with the mean of a similar group of
untreated specimens):

If the difference of the two means exceeds three
times S.E.D, the difference is considered signifi-
cant.

APPARATUS AND TEST PROCEDURE

The testing procedures outlined in Federal Specification
L-P-406a (reference 8) were followed as closely e possible.
The specimens, however, were not polished with fine emery pa-
per after machining. The flexure specimens of one glass- o
filled laminate U2 were cut with a diamond abrasive saw.
The Impact and flexure specimens of the other glass-filled
laminate AB2 were machined with carbide-tipped toola. Spec-
imens of ell other materials were machined with high-speed
steel tools which gave a finish considered satisfactory.

Specimens tested at 77° F and 50 percent relative humid-
ity were conditioned at least 98 hours prior to test. Speci-
mens tested at other temperatures were first conditioned the
same as the 77° ¥ specimens and then were Xept at the testing
temperature for 24 * 2 hours prior to test.

Impact Strength
The impact tests were made according to Method 1071 in

Federal Specification L-P-406a, using a Baldwin-Southwark
rendulum-type Izod-impact machine which had ranges of 2, 8,
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and 16 foot-pounds., The specimens were centered and the notceh
located properly with alinement Jigs.

The tests were made at temperatures of =700, 00, 770, and
200°F, The relative humidity was controlled at 50 percent in
testing at 77° F and was not controlled at the other tempera-
tures. The tests at 0° and 77° F were made in rooms controlled
at these temperatures, For the -709 and 2000 F +tests, the
impact machine was housed in an insulated cabinet shown in
figure 1. The air in the cabinet was circulated by a fan ex-
cept during the impact tests. Dry ice was used to cool the
alr; heating was done with electric heaters. The specimens
were kept in o conditioning cablnet at the test temperature
for about 20 hours and were then placed iIn the testing cabinet
2 to 4 hours prior to testing.

In testing conducted in the insulated cabinet the overa-
tor kept his hands, which were protected with woolen gloves,
inside the cabinet for periods of about 15 minutes at a time.
This is sufficient for testing about 5 to 10 specimens.

The materials in the 1/2-inch thicknsess were tested flat-
wise and edgewise for both the lengthwise =z2nd crosswise orien-
tations. Since the Izod-impact machine had a limited capacity
(16 ft-1b), the gpecimens of the glass~filled laminate tested
flatwise were made only 0.25 to 0,30 inch wide. Edgewise
tests were made on specimens of the l/8-inch-thick sheets of
the materisls for both lengthwise and crosswise orientations.

Flezural Properties

The flexural tests were made according to Method 1031 of
Federal Specification L-P-406a, using a 2400-pound-capacity
Baldwin-Southwark hydraulic universal testing machine which
had ranges of 240, 1200, and 2400 pounds. This machine was
located in a room in which the atmosphere was controlled at
7?° F and 50 Percent relative humidisty. Teste to obtain
flexural strength and losd-~deflection graphs were made at
~70°, 770, and 2000 F., For the low- and high~temperature tests
the specimen, the flexural jig, and the deflection indicator
were enclosed in a temperature-controlled cabinet equipped
with a blower. The arrangement of the flexural apparatus for
the low- and high-temperature tests is shown in figures 2 and
3. In figure 2 the insulated cabinet has besen removed to show
the pressure piece, flexural jig, and attachments.

The flexural jig is initially centered and alined relative
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to the pressure piece in the following way. The alinement
plate (L) having parallel V-grooves is used to locate the
flexural Jjig relative to the pressure plece (F) after the

span has been set appropriately. This 1s done with the con-
tact edge of the pressure plece in the central V-groove in

(L) under a light load. The stand is clamped %o the magnetic
chuck and the latter is energized. As the right- and lefi-
hand sections of the calibrated screw (J) have right- and
left~-hand threads, respectively, the flexural Jjig is now self-
centering. Subsequent changes in the span merely reguire

loosening the cap screws, setting the screw (J), ana tighten-

ing the cap screws again.

The deflection of the specimen at the zenter of the span
relative to the supports is indicated by an equal-arm lever
(x) actuating a gage shown in figure 3. The gage, a i
Southwark-Feters plastics extensometer, Type PS-6 or PS~7, is
attached to the aluminum alloy brackets (P) which have grooves
to locate the knife-edges of the gage. Load~-deflection graphs
are obtained with this gage coupled to the recorder on the
testing machine., The high-magnification gaege, Model PS-6, has
a range of 0.23 inch and the low~magnification gage, Model
PS-7, a range of 1 inch,

In figure 3 the flexural apparatus is shown with a speci-
men in place and the front of the cabinet removed. Triple-
paned windows in the front and side, armholes, and lights in-
side the cabinet facilitate the manipulaticn of the specimen
end eguipment.

Little difficulty was encountered in the high-temperature
testing with this equipment. At low temperatures, frost on
the electrical contacts of the gage was washed off with ethyl
alcchol. Rusting of the flexural Jjigz and gage upon removal
from the cablnet was avoided by immersing them in alcohol un-
til they attained room temperature. They were then disassem-
bled and dried thoroughly and the flexural Jjig re-oiled.

The span of the flexural jig 1s adjustable from 1.6 to 9
inches and the screw is graduated to 0.002 inch, The combina-
tion of recording gage and lever is acourate to about 5 percent
in the measurement of deflections over 0.0l inch with the PS-6
gage and t0 about 3 percent for deflections over O.1 inch wilth
the PS-7 gage. The percentage errar diminishes as the deflec-
tion increases. Calibrations were made only at 77° F.

The flexural properties were determined only for the
0.5-inch-thick laminates. RBach material was tested four ways,
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flatwise and edgewise for specimens cut both lengthwise and
crosswise, At least five specimens were tested for each
material for all orientations. The only deviation from
Method 1031 of Federal Specification L-P-406a was the use of
a span-depth ratio of 8:1l ingtead of 16:1 1in order to con-
serve materials. However, for comparative purposes flexure
tests were made also at 77° F with a span-depth ratio of
16:1,

RESULTS AND DISCUSSION

Impaet Strength

The data for Izod-impact strergth of the various lami-
nates at temperatures of -709, 0¢, 779, and 200° F are pre-
sented in table II. The variation in impact strength with
temperature is shown graphically in figures 4a and 4b for
lengthwlise specimens of the 0.5-inch-thick materials tested
flatwise. Figures 5 to 8 show the variation of impact
strength of paper, cotton-fabric and rayon-cotton~fabric phe-
nolic laminates with temperature for the varioue orientations
of specimen and direction of load.

The Izod~impact strengths at 77° F for the phenolic and
glass~fabric laminates tested flatwise are approximately
as follows:

Izod~-Impact Strength

Pype of Laminate (ft-1b/3 P toh )

Grade C phenolic, high-pressure

and low-pressure 4 -7
High-strength~paper phenolic 4
Asbestos~fabric phenolic 2 - 4%
Rayon-cotton~fabric phenolic i7

Glass-fabriec unsaturated-
polyester 30

The paper and asbestos laminates showed less than 25
percent variation in impact strength over the range of temper-
ature and orientations of specimen and loading investigated.
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The variation in impact strength was less than 10 percent for
the O.5~inch~thick paper laminate tested flatwise.

The temperature-—impact strength trend for high-strength
paper laminate agrees quite well with Shinn's data {(reference
7) for flatwise tests where a very slight increase in strength
with temverature was found for the range -67° to 158° F, Meyer
and Brickson (reference 4) reported that the impact strengths
for "Papreg" at the extremes of temperature were slightly less
than the normal temperature values, a trend found iIn this labd-
oratory only for the 0.5-inch sheets tested edgewlse. In
their impact tests at 158° and 200° P, Meyer and Brickson stated
(reference 4) that the specimen was "tested at room tempecra-
ture within 15 to 30 seconds after removal from the condition-
ing medium"; this test condition is believed to introduce some
uncertainty into the results. ’

All the cotton-fabric laminates exhibited a steady de-
crease in impact strength as the temperature was reduced from
77° to -70° F, For materials I2, L2, and V2, the impact
strength at ~70° F was between 55 and 65 percent of the 77° F
value for all orientations of specimen and directione of load
emnloyed. The corresponding range for W2, high-pressure
grade O laminaste, was 73 to 77 percent. Little change in im-
pact strength at 200° F compared to 77° F was observed for the
cotton-fabric laminates with the exception of the I2 mate-
rial. The latter laminate showed a steady increaszs in impact
strength with temperature up to 200° F, These results are in
good agreement with values reported for grade-C material by
Shinn (reference 7),who found that in flatwise tests impact
strengths at -67° and 158° F were 66 and 113 percent, respec-
tively, of the value at 779 F.

Directional properties were observed for the parallel-ply
laminates, I2 and X2. The asbestos~fabric material, K2,
for which the effect was greatest, exhibited an impact
8trength in the crosswise direction less than half of the cor-
responding value in the lengthwise direction. o

The rayon and glass-fabric laminates had much higher
impact strengths than the other materials and also show 4if-
ferent impact-strength versus temperature trends (figs. 4a and
4b). When tested edgewise, the rayon laminate in both the’
1/8~ and l/2-inch thicknesses showed a slight but steady de-
crease in impact strength as the temperature was varied from
-70° to 200° F. The glass-fabric laminete, AB2, shows a&
constant trend toward higher lmpact strength at low
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temperatures. This agrees with data on_glass—fabric lanminates
given by both Field (reference 1) and Fuller (reference 6).

The approximate values for the changes in Izod-impact
strength at -709 and 2000 F are as follows:

Change in
Izod-impact strength

Type of laminate 700 7 2000 T
(percsnt) _ (percent
Grade C phenolic, low-pressure -40 0 to 5
Grade ¢ phenolic, high-pressure -25 %o -40 ~+10 to +35
Asbestog-fabric-phenolic -15 =10
High~strength paper phenolic 0 to -20 +5 to0 =20
Rayon-fabriec phenolic 0 to +35 0 to -10

Glass-Tabric unsaturated-
polyester +45 -5 to -15

The impact strength for specimens gtruck edgewise wase
lower than that of specimens of the same material tested flat-
wige. For a given orientation of specimens in the sheet, the
ratio of edgewige to the flatwise impact strength was very
nearly constant for a given material over the range of temper-
ature employed. These ratios are given in table III for the
data in table II. The mean value of this ratio was 0.5 to 0.6
for the cotton-fabric lasrinates, 0,2 for the paper laminate,
0.8 for the asbestos-fabric laminate, and about 0.4 for the
rayon-fabric laminate. The data of Meyer and Erickson (refer-
ence 4) for cross-ply high-strength paper laminate give a
value of 0,19 for this ratio at the wvarious test temperatures.

In the tests at 200° F the materials may have lost some
moisture as compared to those tested at the lower temperatures
and may have undergone further cure as a result of the heating.
To obtain information relative to these effects, lLzod-impact
specimens were tested at 7790 F zfter being heated at 200" F
for 24 hours and cooled %0 room temperature for 1 to 2 hours
over calcium chloride in & desiccator. The results of these
tests are shown in table IV. The low-pressure cotton-fabric
materials, L2 and V2, were about 10 percent weaker and the
glass-fabric laminate about 10 percent stronger after the 200°F
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heating. A decrease of 10 percent was noted for the rayon -
lapminate, but this was not significant according to the sta- = =
tigtical criterion. (See section on definitions.) WNo defi-

nite effect of the heating on the strength of the other -
materials was noted.

Flexural Properties

The results of the flexural tests of the laminates at
temperatures of -70° to 200° F are shown in table V for an
8il span~depth ratio. Values reporited include flexural
strength, specific flexural strength, initial and secant
moduli of elasticity, and specific modulus of elasticity. The
percentage. changes in strength of the materials from the 770 F
values under exposure to the high and low temperatures are
also shown in table V. The variations with temperature of
flexural strength, specific flexural strength, initial flex~-
ural modulus of elasticity, and specific initial flexural =
modulus of elasticity of the materials are shown in figures 9,
10, 11, and 12, respsctively, for the lengthwise-flatwise S o
tests.

A typical loazd-deflection curve obtained at -70° F with
the recorder is shown in figure 13. Average curves of extreme
Tiber stress versus deflection at midspan are shown in figure
14 for the different materials at 77° F. Similar stress-~
deflection curves are shown in figures 15 through 23 for the _
nine laminates at -70°, 779, and 2000 F. Figures 24 and 25
represent the average stress-deflection curves for the four L
directions of testing at 77° F of the asbestos~-fabric laminate
and the glass-fabric laminate, U2, respectively. Average
stress~deflection curves for specimens taken lengthwise,
crosswise, and on the diasgonal from the rayon laminaie, 322,
and the glass laminate, ABR2, are shown in figures 26 and 27,
respectively, The experimental stress-deflection data were
ad justed for the thickness of the material by multiplying the
megsured deflection at midspan by the ratio of standard thick- o
negs to the actual thickness; the curves shown in figures 14 B
Fhrgugh 27 were calculated for a standard thickness of 0.50
inch.
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The flatwise flexural properties of some of the laminates
at 77% F were approximately as follows:

Initial
Flexural flexural
Type of laminzte ‘strength modulusg of
elasticity
(103 psi) (10% psi)
Grade C phenolic,
low-pressure 16 0.80
Grade C phenolic,
high-pressure 18 to 22 1.0 to 1.1
Asbestos-fabric phenoliec 9(C) and 16(L) 1.0(C) ana 1.2(L)
High-strength-paper phenolic 33 2.4
Rayon-cotton-fabric phenolic 34 . 1.6
Glass~fabric unsaturated-
polyester 45(C) and 55(L) 2.5 to 2.9

(C) - Crosswise (L) - Lengthwise

The four cotton-fabric phenolic laminates, I2, L2, V2,
and W2, exhibit quite similar properties. For a given ma-
terial the properties were generally equal to within 15 per-~
cent for the various orientations of specimen and load. The
flexural strength of these cotton~fabric laminates increased
about 10 to 30 percent at =70° F and decreased very nearly
30 percent at 200° F, compared to the 77° F values. Correr
sponding chenges for the initial modulus of elasticity were
increases of 40 to 80 percent at -70°F and moderate decreases
up to adout 25 percent at 200° F. The variations of secant
modulus values with temperature are greater than for the ini-
tial modulus of elasticity.

These results are in falr agreement with data for grade
C phenolic leminate given by Oberg, Schwartz and Shinn (ref-
erence 2). They observed increases in flexural strength and
flexural modulus of elasticity of about 17 percent at -38° F®
compared to values at 78° F and 40 percent relative humidity.

The asbestos-fabric laminate, X2, of parallel-ply con-
struction showed directional effects, especially in regard to
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the flexural strength., (See table V.) The variation of the
strength properties of thie material with temperature was less
than that of the cotton-fabric laminates and the trend is 4if-
ferent. Most of the change in flexural properties of the
asbestos-fabric laminate occurred between 77° and -70° F; the
flexural strength and initial modulus of elasticity increased
roughly 20 and 35 percent, respectively, at -70° F. The aver-
age change in flexural properties at 2009 F was not over 5
percent. The .stress~deflection curves for this material (fig.
16) indicate the similarity between the properties at 77° and
200° F,

The flexural strength and initial flexural modulus of
elasticlty of the paper phenolic laminate, S22, varied with
temperature in a manner similar to the values for the cotton-
fabric laminates except that the initial modulus of elasticity
increased only 20 percent between 77° and -70° F,

Meyer and Brickson (reference 4) reported that the flex-
urel strength and flexural modulus of elasticity for high-
strength-paper phenolic laminate decreased at elevated tem-
peratures and increased at subnormal temperatures. The mag-
nitudes of the changes which they recorded agree fairly well
with the date given in this report. Their material was quite
similar to that tested at this laboratory, being made with the
same resln under approximately the same molding conditions and
with a similar type of paper. In tests at the Naval 4Air T
Experimental Station (reference 5) on a phenolic material lam-
inated with a spruce sulfite paper, probably of the high- '
strength type, it was noted that the flexural strength and
flexural modulus of elasticity at 160° F were about a third
less than at 77° F. From a comparison of the date obtained
by various investigators it is concluded that, while the
flexure-property temperature trend is definite, the magnitudes
of the changes must be determined on each sample.

The two glass-fabric laminates, U2 and AB2, showed
the same trend in change of flexural strength and modulus of )
elasticity with tempersture (figs. 9 and 11). The flexural =~
strength increased about one-third at -709 P and decreased
about one-third at 200° F., The flexural strengths of the two
materials d4id not .differ significantly. The AB2 1laminate
was superior to the U2 material in flexural modulus of elas-
tieity, having greater values at all temperatures and for all
directions of testing. The percentage decrease in modulus of
elasticity at 200° F was less for the AB2 +than for the U2 ~
laminate.
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For both glass-fabric laminates the stress-deflection di-
agrams were less curved than for any other materials tested.
In the lengthwise and crosswise directione the secant modulus
of elasticity for the range O to 25,000 psi showed a decrease
of less than 10 percent from the initial modulus of elasticity

at all the temperatures.

The approximate values for the changes in flexural
strength and flexural modulus of elasticity at -70° and 2000 F
for the lengthwise and crosswise directions of the laminates
investigated may be summarized as follows: '

Change 1in

Change in
initial flexural
flexural strength modulus of elasticlty
Type of laminaste o
-709 1 20Q¢ F -700 ¥ 200¢ F
( percent) {(percent) (percent) (percent)
Grade C phenolic 10 to0 30 -30 40 to 80 -8 to -25
Asbestos—-fabriec
phenolic 20 ~5 35 0
High~strength-paper
phenolic 25 -40 20 -18
Rayon-cotton-fabric
phenolic 30 -25 40 -30
Glass-fabrie unsat-
urated~polyester 30 -30 to ~35 10 to 15 15 to =25

Four of the nine materials tested, the two glass~fabric
laminates, the asbestos-fabric laminate, and the grade O lam-
inate, IZ2, were of parallel-ply construction. The most
pronounced difference in strength properties between specimens
taken from the principal directions of the sheet was observed
in the asbestos-fabric laminaste, K2. Its crosswise impact
and flexural strengths were only half of those for the length-
wige direction. The lengthwise flexural properties of the two
glass-fabric laminates differ less than 15 percent from the
corresponding crosswise flexural properties. The differences
between the flexural properties for the lengthwise and cross-
wise directions for the grade C parallel-ply laminate, I2,
were small and were of the same order of magnitude as the cor~
responding difference for the three eross-ply cotton-fabric
laminates. The flexural properties of the AB2 glass-fabric
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and of the rayon-favric laminate are greatly reduced for the
45° direction. The flexural strength and initial flexural
modulus of elasticity values for the 45° direction for the
g8lass-fabric laminate are two-thirds and for the rayon-fabric
laminate are one-half of the average values for the two prin-
cipal directions.

When the density is considered 4in evaluasting the flexural
properties of the materials, the cellulose~filled laminates,
with lower densities than the mineral-filled laminates, com-
pare more favorably with the latter materials and are superior
in some instances. This may be seen by comparing figures O
and 10 or 11 and 12. The specific flexural strength values
are in the ratios of 18:17:16 for the reyon-fabric, paper, and
glass-fabric laminates, respectivsly. The svecific initial
flexural modulus of elasticity values are in the ratios of
9:6:5 for the paper, rayon-fabriec, gnd glass-fabric laminates.
These graphs also show that there is no difference in svecific
strength properties between the low-pressure and high-pressure
laminates, V2 and W2, made with the same grade C fabric.

Flexural tests were also made at 77° ¥ on specimens
heated at 200° F for 24 hours to determine whether changes in
the strength properties occurred in the 200° ¥ tests, Such
changes may be brought about by (a) additional cure of the
resin, (b) loss of moisture, (c) deterioration of the filler
if organic, or (d) a combination of these factors. The re-
sults of these tests and of tests on unheated specimens are
shown in table VI. The flexural strength values showed an
average decrease of about 8 to 13 percent for the cotton~fabrie
and paper laminates. The changes in the flexural modull of
elasticity were small and not consistent except for the low-
pressure material, L2, which exhihited increases of 10 per~
cent after heating. The glass-fabric laminate, U2, exhibited
average increases of 11 and 4 percent, respectively, in flex-
ural strength and modull of elasticity on heating. The
asbestos-fabric laminate, K2, also exhibited higher flexural
propertles after heating, the increases in flexural strength
:?d modull of elasticity b=ing about 7 and 12 percent, respec-

vely. _ '

It seems reasonable that the strength and modulus of
elasticity values of these organic plastics should diminish
with increase in temperature if no change in composition or
structure takes place. If heating a laminate at 200° F for
24 hours causes an increase in the strength properties due to
a change in composition or structure, then in the flexural
tests at 200° F (table V) the effects of prolonged heating and
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of an elevated test temperature may oppose one another. This
may explain the very small differences between the flexure
properties at 77° and 200° F (table V) for the asbestos-fabric
laminate which had increased flexural properties at 77° ¥ aft-
er heating (table VI). The effect of prolonged heating on
the flexural strength of laminates wae investigated by
Hausmann, Parkinson, and Mains (reference 9). They found that
the flexural strength of grades ¢, X, and XXX phenolic lami-
nates at 90° O increased with the length of time the specimens
were at the test temperature. (5ee table I, reference G.)

For the grade XXX laminate the flexural strength values at

90° 0 after a month of heating were nearly equal %o the 25° O
values on unheated specimens.

Flexural strength tests were made on six laminates at
150° F and 90 percent relative humidity after 24 hours condi-
tioning at the test temperature, combining the effects of _
elevated temperature and high relative humidity. The results
of these tests are given in table VIII together with corre-
sponding data from table V for the 77° and 200° T tests.

The deleterious effect of these extreme conditions was
most pronounced for the paper laminate, S2, and the low-
pressure grade O laminate, V2. The other four materials were
not so greatly affected by these conditions as they wers by 24
hours at 200° F and & low relative humidity. The effect of
molsture content on the strength properties of high~sirength-
paper laminate was studied by Erickson and Mackin (reference
10). They tested specimens from a series of panels condi-
tioned 100 days at 80° F at various relative humidities. They
found decreases in ultimate strength in tension, compression,
and flexure of 25 percent or more and decreases of about 35
percent in modulus of elassticity as the relative humidity waes
varied from 30 percent to 97 percent, corresponding to mois-
ture contents ranging from 0.2 to 9.5 percent.

The above results and the results obtained in this labora-
tory indicate the necessity for studying the effect of relative
humidity as well as temperature on the strength properties of
laminates , especially those with cellulosic fillers. '

The results of tests made at 77° F using span-depth ra-
tios of 16:i1 and ‘8:1 are given in table VII, The flexural
strength obtained with a 16:1 span-depth ratio was slightly
less for all materials, the decreases rangihg from about 2
percent for the glass-fabric laminate, U2, to about 7 percent
for the cotton-fabric phenolic laminates. The initial flexiiral
modulus of elasticity values were usually a little greater for
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the tests with the laerger span-depth ratio. The I2 material,
e hlgh-pressure phenolic grade C laminate, showed significant
changes i1n both flexural strength and initial modulus of elas-
ticity with the change in span-depth ratio. Sigpnificant
changes in only one of the two properties occurred .for the

rest of the materials listed in table VII,

CONGLUSIONS

l. The Izod-impact strength-temperature trend of the
laminated plastics is different for the various types of mate-
rial. The glass-fabric laminates decreased steadily in impact
strength with increasing temperature, the value at 200° F be-
ing about 70 percent of the -70° value. The asbestes~-fabric,
rayon-fabric, and high-strength-peper phenolics showed little
varliation In impact strength between -70° and 200° F. The
cotton-fabric phenolics exhibited increasing impact strength
with temperature, roughly doubling their impact strength be~-
tween -70C gnd 2009 F,

2. The Izod-impact strength values for the rayon-fabric
and the glass-fabrie laminates are much greater than for the
other materials,

3., The ratio of sdgewise to flatwise impact strength for
the 1/2-inch-thick phenolic lamingtes tested is nearly con-
stant over the range of temperatures, -70° to 2000 F,

4. 4n increase in flexural properties occurred for all
materials at low temperature, and at high temperature a de-
crease occurred for all materials except the asbestos-fabric
laminate, which showed no chancge.

5. The high-strength-paper and two glass-fabric laminates
are outstanding in flexural properties. When the materials
are compared on the basis of specific strength values, the
praper and rayon—-fabric lsminates are superior %o the others,

6. The low-pressure grade-C phenolic laminete, V2, com-
pared favorably in flexural strength properties with the high-
Pressure laminate made with the esame filler, especially when
the comparison was made in terms of specific strength proper-
tles.

7. The flexural properties of plastic laminates at high
temperature are not a function of temperature alone, but may
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be affected by further cure of the resin and loss of moisture
content.

8. The effect of high humidity in addition to an elevated
temperature may be much different from the effect of the ele-
vated temperature alone. A severe loss 1n strength was noted
for the high-strength-~paper and one low-pressure cotton-fabrie
phenolic laminate at 150° T and 90 percent relative humidity.

National Bureau of Standards,
Washington, D. C.,, December 29, 1945.
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FaNLE II.- I0D-TMPACT STRERGYHS OF LANINATED PLASTION 4F VANIODS TRMFRRATURES®
Teutn gy =707 | Yestn a3 Q°F '—mn'“'ﬂf'iﬁ—r —— . Tests at 200° p
Orlentation |Direction t Btrengih? I iy strongth® | Mponine % Btrengtn® | Wachin | Impaot Btrangrn’ ::f"t .
| "ot load | . 3| (rein) D/1p. of meteh) | (It-1b} | €rtUo/in of moton) | (f3-38) | (f573b/in. 'of notohd | (fe-Tp)
OBe~Falf-lnch Thiok Matarisl

Dengthwise |Flatwise E.f1 ¢ 0.67 [} 5.59 % 0.10 8 E.()G s 0. 1A ] 6.69 » 0.07 ° .1
Crosswise | Flatwise 2.5 : 0. 8 Eg : o.g ¥ .03 & 0 ] 05 °‘%€ 8
Lengibwiss | Rigewise 1.7 2 0.02 8 .2 2 0. [ n.gé £ 0. 2 §% 0. g
Orosswine |Edgowime 1.6 2 0.0 [} 1.91 = D.0O2 [} 2.34 ¢ 0. 2 .19 1 0.0% [}
Langthwiss |Flxiwis k13 2 0. s h.26 3 0.0% ‘s h.gd £ 0. s k.22 1 0,08 s
Cromswias | Pimivias 1.6% F o.% 2 1.99 ¢ Dﬁ 5 2.§ : o.&'l 2 1.;2 : 0, 8

s |Edgevise 2.1 : 0.08 g ;ﬁ :0. g i t 0.0 8 2 z °'§ !
Orosswive | Edgsvins 33 £ 0.05 8 48 ¢ 0,02 8 60 2 o.oE 1 .50 2 0. s
Lengtkwing | Flatwles 3.30 * 0.0k ] %17 = 0.08 [ 5.56 = 0.08 .| 6.09 2 0,05 ]
Grofswise | Flatwise 3.3 2 n.cg ] k.1 z 0.06 s §.95 2 0.06 8 5.82 & o.gz g
Langihwize |Edgewine 1.87 + 0.0 8 2,32 £ 0,02 8 +22 2 0.03 1 i,28 1 0. 8
Crosswise |Edgewine 1.8% & 0.03 [} 2,39 & 0.02 [ .09 1 0,01 [] 3.88 £ 0.05 8
Lengihuine | riaimi k.07 £ 0.08 s k.8l & 0. 8 k.18 2 0.10 [ K36 * 0,BM ]
cmunu. mm:: I-.EI 2 0.11 [} 414 = o.tl’g [] l.H £ 4. ] k.%‘éﬂ: 0.139 8
Longthwiss |xdgewise 0.69%: 0. 2 0.;:6: 0.008 3 0.8h1 0.018 2 0.588: 0.0 2
Cromswise |Xdgwise 0.709% o.gg? 2 0. %12 0.010 B 0.867% 0.004 8 0.6862 0,005 2
Cropewise. |Tlatriss |  3.79 i o0 : g:!-‘u? 3 om H IR H en it g
Lan, wise 5L 1 0. B .30 £ 0.08 8 .35 2 0.1 -]
Gromswiss | Edgewise a.% 3 o.% A ] 3 * 0.06 8 ;é? 2 o.o% 8.

i %18 2 0. .12 & 0. [ 69 2 0. 8 .80 1 0,

S e Eitd | ¢ | WE | ¢ Bieg o f ) HRIG |

a0 [ ] . . . 2 0. . 20 - Q0.

wirs | Bdgswine 2. § o.g 8 286 t 0.1 2 3.2+ 0.17 i §.57 :0.26 8

: Tlxtuise 17.¢ = 0.6 1 1.5 2 0.6 16 17.6 £ 0.6 16 15.8 2 0.% 16
Crodmive. Paoviee | g ies | 3 [ Brist o j @ | FRies R | i |
Oodswise |EKdgewies R FR R s £ :on g 5.1 & 0.15 E 3.00 2 0,28 H
Lengtiwing | Flatwise B6.1 0. 16 4 30 16 5t 0.6 16 86,6 =0, 14
Lngﬂ':s.: up-':l." ! » ’ %'u : g'l :66 ’

] s 0.
Croaswiss ldp-il: ] 9.03 = O.gg . 16

One-Eighit-Tnch Thiok nbnm“

Lengthuiss | Bdgewine 0.612 = 0.006 2 0.608 & 0.005 ' £ 0.6%0 * 0.00% 2 g.gg 2 0,007 2
Orosswiss | Rdgewins 0.622 1 0.00% 2 - 0,638 = 0.007 2 0.629 * 0,015 2 0,623 2 0,00% H
L 1L,9% & 0,00 2 2.8 :o0.02 2 .23 0,06 2 .15 2 0.0 2
cmmm-:l: mm: 1.& 2 0,03 2 2% 20,02 [ EE * 0,04 2 31?. : o.uE 2
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mﬂ- g ne 1.67 0,03 R z.ﬁ z 0, g e.g : n.?.? 2 2.9 : 0.82 2
Lan o 12,9 % 0. a : 0.6 ] 11,8 0.8 ] 18.2 0. 8
Ommm'- H’Hp-t: [ o.{'r 't ne 2 0.1k 8 T.13 2 0.09 a E : {6 g
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Growrsine | Edpevise 10,9 : 0. 2 »

L. Tha m:: ware mpds in ascordxecs with Method 1071, Federal Specificatien

25

b. Nean valus for ains %0 twelve specimens for all matarials exowpt ¢lmas-fadrio
lamingye ARZ, for whish tventy %0 tymyy-five speoimme wers terbed.

o. The Bpacimenns ware tasted individaanlly in the ona-eighth inch thickmess}
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Table III.- Ratio of Edgewise Impact Strength to Flatwise
Impact Strength fr Leminated Plastice at
Various Temperatures.

Orientation

Hatio at Test

Temperature of

Mean Ratio,

Naterial Designation of Specimen | -70° # 1 0° # | 77° P | 200° P | A11 Temp.
Lengthwise 0.62 0.58 | 0.53 0.h8 0.59
12, Grade C Phenolic corsiwise. | 060 | o 0.5 | 0.61
K2, Asbestos-Fabric Phenolic %3g§::::§e 8:;; ' 8:?3 8:33 8:%2 0.80
| Lengthwisre | 0.57 0.56 | 0.5% | o.54 - 0.55
L2, Low~Pregsure
* Cobton-Fabric Phenolic Crosswige | 0.56 | 0.58 | 0.52 [ 0.55
Lengthwise 0.17 0.17 | 0.20 0.16 0.18
52, High-Strength-Paper Grogewise | 0.17 0.18 | 0.21 | 0.15 |
OO0 LLO <
. Lengthwige 0.6 | 0.50 | 0.50 0.51
V2, Low~Pressure
! Grade C Phenolic Crossgwise 0.51 | 0.53 0.56
Wz, High-fresgu?e Lengthwise | 0.51 0.47 | 0.48 [ 0.52 0.55
Grade C Phenolic Grogswise 0.63 0.57 | 0.61 0.60
“Lengthwlge 0.5 0.4 0.38 0.38 0.39
Z2, Rayon-Cotton-Fabric croggwise O.ﬁg 0.32 0.%4 0.%0 ’
Phenolic '
AB2, Glass Fabric uengthwise 8'32 |
’ - C € .
Unsaturated-Polyester xoBawia ;

"ON NI YOVK

%30T

ee




TABLE IV.- EFFEQT OF HEATING AT 200°F FOR 24 HOURS OF IZOD-IMPACT STRENGTHS

OF LANINATED FLASTIQS

B
lepact Strength
. o Range of d Range o
Orientation | Direction No Heating Machine Heated at 200°F Machine
Material Designation of 8Sveoimen | of Lond |(fi-ib/in.of notch) | (£t-1b) I(ft-1b/in.of notch) | (£-1b)
I2, Grade C Phenolic Lengthwice | Platwige .06 * 0.14 8 .13 * 0.13 8
drosewise Flatwise 03 + 0.05 8 .21 ¢ 0,07 8
K2, Asbeatos=Fabric Phenolic| Lengtimiee |Edgewlse 3.8% * 0.03 8 3.86 + 0,06 8
. Crogswise |Fdgewise | 1.60 : 0.05 ] 1.48 + 0.03 2
12, Low-Preagure Lengthwiea | Edgewise .22 * 0,03 a 2,88 + Q.04 8
* Cotton-Fabric Phenolle o,ﬁ%,EIBB Edgewice 3.09 t 0,01 8 2.85 ¢ 0.02 8
' 52, High~3trength-Taper . Ltengthwize Flatwise k. 18"+ 0.10 g L,02 + 0.18 7 8
Fhenolle Orosewise | Flatwige §.17 * 0.14 8 4,29 + 0.20 8
| V2, Low-Pressure Lengthwiss |¥latwige 6.57 * 0.14 8 5.95 * 0.21 B
Grade C Phenollc Orosewide |¥latwise 6.26 + 0.13 8 5.55 *+ 0.10 g
W2, High~Pressure
' arode C Phenolis drosswise Flatwiee 5.27 % 0.37 8 b9z + 0.12 8
22, Bayon-Cotton-Fabrie iengthwiae Flatwise 17.6 * 0.6 16 16,0 = 0.4 16
Phenollc Orosawise | Flatwise 17.% % 0.7 16 15.8 * 1,0 - 16
AB2, Glasa-Fabric o, .5 x 0.
P O rated.Polyeaber Lengthwise | Flatwise 31.5 0.6 16 35.5 * 0.8 16

a.

0'
d.

The togte wors medo in novordance with Method 1071, Yedersl Bpeoification
1-P=406a.

Mean velue for nine to twelve specimens for all materlals except glass—-fabrio
laminete ABP, for which 20 to 25 specimens were tested. The socompanylng
plus or minus value is the standard exyoxr.

Specimens conditioned and tested at ¥ snd 50% relative humidity.

Bpecimens testsd at 77°F after being allowed to cool to room temperaturs
for 1 to 2 houre in s deskécator contalning calclum chlorlde.
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FLEXURAL POOMERTTES OF LANINATED PLASTION AT VARIOUS TEMPERATURES®
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Tandle ¥, Comtlwasd

P - EEFFEH
B = & a MaatL Begany Mod for
Orientatioa | Dirsckion mm. . e - 1o . :
| Naterind Pesienakisn | of Scecinen | o load ‘_%HN.MLE.HiE‘ ME.-.T. |G/
0-10,000 10/18"| 0-15,000 Tb/4n?|0-20,000 11/1n"]0-25,000 1t/1x?
1B, Rayma=Oovon-Fadrie | longikwise | Flabuise - .WH 304 | 27 LB 20, +d 2.13 2 0.0 2.0% & 0.0R 1.2 0.
Pheeaido um RN 2 o.m 1.58 t @, ' 142 £ 0.03 | 1.23 10,08 18, 0.
7 s tod | -5 116 t 0,03 =87 1,00 £ 0.02 | 0.8 $0.08 | 0.70 2 a.00 3. o.m
Ureasine | Tlatwies | - .2 202 | +5 1.88 & a,00 o L. t0.0 | 1.6310.02 nnm 0.
nm IBT ¢ o.m 140 & 0.00 u..m 2 0.02 n.m £ 0.08 X o.m
3.7 206 | -2 0,57 t 0.08 -5 0.71 20,05 | 0.50 2 0.03 | 0.53 & 0.02 6 Os
5" Diggonnl | Tlatwime 1l e ton 0.76 £ 0.01 0.70 X 0.01 0.5 2 0.01 10,0 0.296
Tesgiesise | Tapemise | - __m.r P a.m +30 216 2 0.0% +38 2.00 £ 0.02 | 1.9 20.02 nm.u 0.
1% ¢ 0. 1.57 £ 0. 143 0. Lp5 20, 7.8 0.
’ i, ” 0.2 | -6 u_..mw 10, -8 0.5 & 0,00 o_.qm : a.“m a.m« 2 Q.M 1.1 0.439
Crosswiss | Edgewisa | = MM £ o0, 2.9 2 0.02 4 1.98 £ 0.0L | 1.85 X 0.00 £2.0 0.
! ._m My & Pm il > 1,37 & .01 rm 0.0 % 15 0.
3.6 204 | 06 112 t 0.03 ] 0.9 t0.06 | 0.77 2 0.03 | 0.66 % 0.00 12, 0.
k5" Diagomal | Eigevise 7wl w3 ton 0.7 1 0.00 0.69 T 0,00 0.5 & 0.0 9.7 0.284
hengtlaise | Flatwize - 0.5 £ 1. ¥ 3,15 & 0,06 .0f & D. o £ O 20.4 0.
AR, Oasa-ainde Biioi | ™ _w.m 2 0,00 +9 R ?m Lo (1 0.
Folyester ¥3.0 £ 0.8 | 34 2.0 % 0,02 14 236 20,00 | 2.m 2o0.08| 2.36 ¢ 0. 2.4 0. 5 0,786
Cressxine | Flatuise 1| M0 2 0.7 6% 2 0.03 2,61 t 0.2 | B.57 £0.00 13.3 o.Mz
U5t Bapml | Tlaiwise | 35.7 20k 1.4 & 0,08 1,63 £ 0.01 1.79 2 0.00 | 1.18 2 0.3 10.3 0.28.
lengihuine | Kdgewi C - .8 2 0. ¥ B0 2 0,08 18 2 008 W20 2 0.0 6 0.
- um na.a m o.m » mw.mw. * 0,08 * ﬁ t 0, w. 5 £ 0. 17.6 0.
LB & 1. -32 .53 £ 0.04 ~12 2.5 t 0.0h £.50 $ 008 | BAE 0 2.5 1 0. 0 0.5,
Oronswing | Edmewiss ] 3.5 £t 0.7 .62 20,08 2.66 ¢ 0,00 2.6) t 0.02 1.5 0.3
br" tiageaa) | Rigemim M| .6 205 185 2 0,05 175 2o.0h | 1.5 2008 133 = 0.03 10.9 0.9288

#20T "ON AI YOWK

a. Tests mada ut 311 span-depth retis.
-.Er_ 1031, Fedaral Spseificatien

Tﬁmmrgu- nf teating in apoordsnew with

b: Nesn valus for fivs to $wm spacimens. The mocospanying plwe o minus ¥ulus is e

standurd arror, 8.K.
o, Belative %0 77°F valwe.
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TABLE VI .~ EFFECT OF HEATING AT 200° F FOR 2% HOURS ON FLEXURAL PROPERTIES OF LANINATED MATERIALS,2

8poclmens toated at 77°!' arter being allowed to cool to room temperaturs for 1 to 2 hours
in c. desicoator oontaining oaloiwm ohloride. .

) Y ﬂﬂmﬂ Nodulus of Flasticity
Orientation | Dilrection |No Heati Hoatgd at 7O TN ;8
Matoria) Deslznation of Booginan | of woon |¥o glb in 03‘111, s 20 o HeatingD [Heated at Ho Hoating® [Heat nt-_}ﬁg_m_———?
storia) Desigation | of Speotwon | of load {(10%1b/in) | GoMin/in®) [(Tobanind) |"{i0brbind) | (s0biaiset) | tiobiniioty | Sobiaiint) ot T
. o 0-10,000 1b/1n?
12, Grads C Fhendlle rosewise | Flatwise |20.7 £0.3 | 14.8 £ 0.2 1.07 £ 0.07 | 1.07 ;
2 8z0, .07 & 0. .07 0,02 [1.02 ¢ 0. )
Lengthwise |xdgewise [21.2 £ 0.2 |19.7 : 0.3 1% 0.05 | 1.1 003 |1,09: 9. i
E2, Asbastos-Fabric Phonolic 0-7,500 1b/in2
» Asbastos~Fabris Phono Crosswiss |Flatwise | %.9 2 0.2 | 9.6 ¢ 0.2 0.9 *
.9 0. 6 £0. 299 £ 0.01 | 1,11 2 0.01 }0.92 £ 0.01 O 20,
Crosswise | Kdgewlse 9.2 : 0.1 9.9 : 0.2 0.97  0.02 | 1.07 : 0.01 0.30 t 0.02 %.99 : g.gg
0-10,00¢ 1b/4r¥
12, Low-Preasure Croaswise | Flutwise' | 16,1 * 6.2 | 15.4 2 0.1 0.80 + Lol | 0.8 2 0.0 Ju87a2cad] c.72ac.2
Cotton-Fabric Phenollc Groaswise | Edgewiase | 17.5 1 0.4 13.7 2 0.1 0.76 3 0.02 G.88 z 0.02 .84 2 0.0) 0.72 2 {,01
o 0-15,000 1b/1n?
82, Hich-3tronsth-Paper Lengthwise | Flatwlae g}.z 0.4 ] 27.2 £ 0.6 2.82 £ 0.02] 2.%3 £ 0,02 | 2.28 : 0.01 a.gz s 0.01
Phanolic Crosswise | Kdgewise 3.6 ¢ 0. 30.4 £ 0.1 2.7 £ 0,06 88 £ 0.05 2.60 ¢ 0.06{ 2.64 £ 0.02
. 0-20,000 1b/1n? 0-25,000 1b/in? |
T2, Glasa-Pabric Orosswise | Flatwise | B5.1 z 0.7 | 53.0 2 0.3 2,85 2 0,01 2.55 £ 0,00 [ 2.35 2 0.02[ 2.88 £ 0.01 | 2.29 £ 0.02( 2.% 2o0.01
Unaapurated-Polyester Crosswise | Rdgswise | 48.6 2 0.5 | 51.3 £ 0.5 2.43 ¢ 0.02| =2.52 % 0.03 | 2.37 : 0.03] 2.86 £ 0,03 | 2.33 £0.03] 2.2 :0.03
0-10,000 1v/in® .
Ve, Low-Prossurs . Lengthwiss | Flatwise| 16.7 ¢ O. 4.7 2 0,2 0.82 £ 0.01] 0.79 £ 0.01 } 0.58 £ 0,01] 0.86 £ 0.01
Grads ¢ Phenolle Crowswise | Flatwiso| 16.3 = o.g 14.2 0.2 0.81 £ 0.02{ 0.77:0.01 | 0.59 2 0,02 0.59 :0.01
Lengthwiso | Xdgewine 16.% £ 0.1 1.7 ¢ 0.1 -0.79 2 0.01 0.7% £ 0.01 0.58 & 0,01 * 0.56 £ 0.01
Crosswise | Edgewiso| 16.5 : 0.2 1B.5 : 0.5 0,79 to,0.] o0.7% &+ 0.02 | 0.50 £ 0.01] 0.59 : 0.0 )
’ . : ' I 0-10,000, 1b/1n? 0-15,000 1b/in
iR, gish-méugren . Longthwise | Flatwise| 18.3 ¢ O.% | "16.9 £ 0.% 0.96 ¢+ 0,08] o0.89 £0.02 | 0.76 + 0.02] 0.76 £+ 0.03 | 0.58 z 0.02| 0.57 & 0.03
. rads ¢ Fhenollo ° Crosswine | Flatwise| . 18.% 2 0.p .11.2 : 0.2 o.gg 0,02 0.9 = o.oi o.;g £0.02] 0.79 : o.gz 0. g £ 0.0 0.59 = O-Og
. Longthwise |' Xdgowime | 17.9 £ 0.1{ 10.5 ¢ 0.2 11.00 2 0,03] 0.9 £ 0.0 0,78 £ 0,02 0,78 2 O. 0.5 0.0 0.5% = 0.0
, Cronswise | Xdgewime| 18.0 : 0.1  16.3 & 0.2 1.03 : 0.02| 0.9% : 0,02 | o0.81 £ 0.08] 0.81 £o0.02]| 0.51 £0.02] 0.60 z0.02
| " . ' . 0-15,000 1b/1n? 0-20,000 1b/4n°
22, Rayon-fotton-Fabric Lengthwime | TFlatwiee| 4.4 2 0.5]:3L.0: 04 1.58 ¢ 0.02 1.71 £ 0.01 1.h2 2 0.0 1.56 2 0. 23 2 0.t . i
72, Mayon-fo ; Crosswine |' Flatwise| 32.7 : 0.5 30.8 * 0. 180 & 001 | 1.39:0.02 | 1.25¢ 0.2 1 5 o.ggh ,1'53 23:82 iigs : giggu
o I' ! . ' 0-20,000 1b/in? 0-25,000 1b/1n®
'ABE, Glass-Fabric ! Lengthwise|l Fiatwise | 53.2 & 0.1 .8 £ 0.7 2,66 + 0,01 | 2.91 & 0.04 %0 + 0. €0 = - .
"' Unsaturabod-Polysater ' > AN 5t . 250 ¢ Q ?E 2.80 20,02 | 2.77 1 0.08| 2.77: 0.02
a. Tests wore made in accordance with Method 1031, Federal Specification L-P-ho6a, uning
an 831 span-depth ratio. BFach velus in the table represents the mean for five snecimens.
b, Data from table V ; speoimens conditioned and tosted at 77°F and 50% relntive mmidity.
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YABLE VII.- EFFEOT OF PPON-TEPTR RATIO OF FLEITHAL PROPERFTES OF LOFDNATFD PFLASTICES
¥ls of Flastlodt
Yiexiral :.m.fmmﬁ &a.u—nazﬁ“ oF Mastioity
At Ruvle: Y x X : T
——ToEiEataiion] Direction .5 T B ] T : ; T
Vabazin] Deslgnation of Epeod of Losd | (1031n71m2)) {16%1b/158) | {2067b/4nk) | (1051b/1a® 1067 1 (10610/10%) | (10b10/108)
0-10,000 1b/1n2
Fhanolio langt B %0 .9 201 |21.06 20,02 1.2 1 0.02 1.07 £ 0.02 | 1.10 = 0.0
o x| po | B1S RAG IREhR g Mg
i PLLpiof | 154120 118 2 0. . X 0930, .08 20,
Crosanise. n.&'.::: n.é so.k | 15501 |10 xo.0[1.3 0.0k R 0.07 | 1.07 =z 0.03
) 0-5,000 1b/in® 0-7,500 In/in¥
, Asbestos-Pabria Finkuisa | 16,3 2 0.6 1,80 0,08 1,80 & 0.02
P l’bm;'ltﬂ Urould.na. Flatwiss 12'5 : g.g (1)29 i g.gé ggg $ g.g
o Tee | Eognmise | 3.k 201 | 9.0:0a 019; £ 0.08 [ 1.06 2 0.02 o.s? to.02)1.00 :Eo.ue 0.9 & 0.02 0.92 ¢ u.uT
0-10,000 b/
agurs gibwl Fletwiss | 18.4 0.2 0.%0 ¢ 0.01 0,67 0.0
s s Fhano e | Fiwime | 181 s oi2 0.£0 & 0.01 e} Poor
B adds ® e Lengthwiso | Edgewiss | 17.5 & 0.2 o.g : 0.0l 0.65 * 0,01
Croawwins | Zdgewise JE 10k | 16.5 2 0.8 | 0.76 £ 0.08 | 0.87 2 0.01 0.6% 1 0,01 |0.64 x .01
' 020,000 1b/132
-5 trangth-Papae .20, .o, 42 1 0,0 | 2.5% £ 0.2 £.10 & 0.00 | 2,15 £ 0.¢ .
pé mmm“ ™ ﬂ‘.!‘;:: n’“.!&:: .E H 8.2 ?ﬁi : g.e g. 30,02 2.?2 P o.gz n.g : 0.00 |21 0.8
a e | Fdgewian 5208 EioR 2.% 10.03 2.?’1 to. e3l &o.00 |2.37 £ 0.8
Orosawise Cigewise 2 1 0. ;i.! % 0.5 2.71L ¢ 0. 2.5% + 0.03 £,35 & 0.05 | 2.12 £ O, .
0-20,000 1b/in? 0=P5,000 1b/4n
Pabrd Longt 2 'E .8 1 0. 57 & 0.0 | £.70 £ 0,05 |g.52 & 0,02 [B.63 = D.OK
[ Gacimeased Psn ol [peierpid Esg 103 EE% :od 5’?3 toam :g ok Bh fo0s e e 2.229 t 0.0 12,35 2 0.
Polye Longihwine | Kigowis s s, <D, XN * 0. B2,
wa rotaviee | Digmwise ?Sg ig'é %11 iod EI‘; : gig; 5157 :oe ‘Eig H 3'.:0:; EE R 2:;3 1 0.03 (.32 £ 0.02
010,000 1b/ic2
78, Low-Fressurs xilwise | Flatwiso | 36.7 £ 0.3 | 35.3 2 0.1 | 0,82 2 0.0L] 0.8 20,01 0.58 2 0,01 | 0.56 ¢ 0.01
! Grade 0 Phanello brosmwise | Flaiwise ig. % g.% 1?.2 so2 0.81 & 0.02 082 2 0.01 068 2 0.02 | 058 2 0.0e
e | Eimewine | %68 iocz | 208201 o.Bioor|om o |08 : 0.1 |0lBk ol -
010,000 1b/1x® 0-15,000  Ltyin?
I . .78 z 0. 0.58 = 0,08 |0.58 2 0.0
w2, High-Fropsure bwisa | Fletwise | 18.3 2 0.8 | 17.1 £ C.2 {0.96 2 0,08 1.02 £ 0.03 0.76 ¢ g.02|0.78 2 0 o 2 2.
' Grade 0 Phenolio urocimise | Fintaise 18k : o | 17k fo1 0-99 = 0,08 | L.0Z 3 0.0 0.9 £ 0.02 g.;g £ 0 3:% 53:3% 0.55 * 0.06
Crosevise’ :d.suwh: R B X i:oa 4 0.1 3 0.02 | 0.7% = 0.04 [0.51 7 0.0
. 0-15,000 1b/1nf -
Exyon- o-Yab: s Lo, 8 * 0. 1.76 1.0, 1,2 & 0. 1.54 = 0.0
zz,.mlgnu Fo o are | Fiataies ;J;:‘ fo| wns 3.‘ 15 00 l.gg 008 1108 & 0.08 R
e Lengikyise | Edpawise ZE t0.5| 1.9 = O'E 1.; 20.03| 1.66 £ 0.0 1.% t 0,03 167 2 o.g1
» | Eigawlee ; 7 0. .1 % 0. 1.50 2 0,01 | 1.48 £ 0. 1,37 £ 0.00 |1.21 2 0.
' 3
0-15,000 1b/in
) Lemgibwise | Flawwiss 22001 .1 :0.5 |28 2.0.00 [3.1% 2 0,00 2,80 ¢ 0.02 [2.97 £ 0.0:
B4, Class-Pabris Crosevise’ |Fletwiss | 380 : 0.7 % > |em i 0.03 ? AR ?
Dasaturated- Lengthwise |Edpewise | 60,2 2 0.5 | 57.9 £ 0,8  |2.22 & 0. 3.18 ¢ 0.0h 2,87 * 0.01 |2.95 & 0.03
Polyoster Grosawise |Cdgowiss | %3.5 = o.r} 2.8 % 0,02 2.65 : 0.01
" w. Bpeolmens wers ocnditioned aml tenved at TT°T and sive homidity
in apoordancs with Method 1031 Federnl Bpecification I.-P- Each

valws in Vhe table represenis

mean for

socowpanylng plus or aimus walwe 1p the stendard srror.

five to hn -pnnl.nm
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TABLE VIII.~ FLEXURAL STRENGTH OF LAMINAT S AT VARIOUS
TEMPERATURES AND RELATIVE HUMIDITI

Flexural Strength
7P 150°F 200°F al
, 50% ReHe 90% R.H.® << 6% ReHe
Meterial Designation 1031b/in?) (20%1b/1n2) | (10%1b/in2)
I2, Grade C Phenolic 22.2 2 0.3 19.8 % 0.2 14.5 % 0.1
s2, High-Strength-Paper 33.2 * 04 13.2 % 0.6 19.4 % 0.2
Phenolic :
V2, Low-Pressure 16.7 ¥ 0.3 7.0 I 0.1 11.4 % 0.2
Grade C Phenolie
W2, High-Pressure 18.3 % 0.4 15.4 % 0.3 13.3 ¥ 0.2
Grade C Phenolic
Z2, Rayon-Cotton-Fabric 34.4 % 0,5 26.0 ¥ 0.3 25.8 I 0.5
Phenolic
AB2, Glass-Fabrie 53.2 * 0.1 34.7 T 0.4 33.8 ¥ 0.8
Unsaturated—-Polyester

2. Lengthwise speclimens tested flatwise.

be

Ce

de

Tests were made in accordance with Method
1051, Federal Specification L-P-406a,
using an 8:1 span-depth ratio. Each value
in the table represents the mean for five
speclimense.

Data from table V; specimens conditioned
and tested at 77°F and 50% relative
humidity.

Specimens tested at 150°F and 90% relative
humidity after 24 hours at the test
conditlonse.

Data from table Vi specimens tosted at
200°F and less than 6% relative
humldlty after 24 hours at the test
conditionse.
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' Figure 1.~ Izod impact machine in insulated cablnet
with front panel removed.
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Figure 3.- Adjustable-span flexural jig ueed for high-
and low-temperature testing.
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Figure 3,- Flexural apparatus in insulated cabinet with front panel removed;
a sneclmen is in place.

"ON N& VOVH

¥sot

e *3ra




NACA TN No. 1054 Fig. 4e

IZ0D IMPACT STRENGTH, FT-LB/IN. OF NOTCH

TYPE OF LAMINATE

GRADE C PHENOLIC

|
K  ASBESTOS~-FABRIC PHENOLIC
L LOW-~PRESSURE COTTON-FABRIC PHENOLIC
S HIGH-STRENGTH-PAPER PHENOLIC
V  LOW-PRESSURE GRADE C PHENOLIC
W  HIGH-PRESSURE GRADE C PHENOLIC
Z RAYON-COTTON-FABRIC PHENOLIC

40 AB GLASS~FABRIC UNSATURATED-POLYESTER

AB

* \

20 - -

10

o] =76 o 1 200

TEMPERATURE, °F

Fig&r'e 4a.~ Variation of Izod impact strength with
temperature for 1/3-inch-thick laminates

Lengthwise specimens tested flatwise. :
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70

v /
— oW

3.0

TYPE OF LAMINATE
GRADE C PHENOLIC

IZOD IMPACT STRENGTH, FT-LB/IN. OF NOTCH

I
K ASBESTOS-FABRIC PHENOLIC
o L LOW-PRESSURE COTTON-FABRIC PHENOLIC |
2 S  HIGH-STRENGTH-PAPER PRENOLIC
V  LOW-PRESSURE GRADE C PHENOLIC
W HIGH-PRESSURE GRADE C PHENOLIC
) 19
o 1 1 | |
-70 [+]

77 200

TEMPERATURE, °F

Figure 4b.- Variation of Izod impact strength with
temperature for 1/2-inch-thick lamina.tes.'
Lengthwise specimens tested flatwise. '



IZOD IMPACT STRENGTH, FT-LB/IN, OF NOTCH

100

4501 e
S2CF* e
—— e
Sa2LF
0.90

0.70 —F== —
0.80 SILE -
81 = SHEET 1/8—IHGH THICK
S2 = BHEET 1/2-INOH THICK
LF = LENGTHWISE BPECIMENS TESTED FLATWIBE
- LY = LENGTHEWISE SPECIMENS TESTED EDGEWISE

CF = OROSEWISE SPECIMENS TESTED FLATWISE
CE = QROSSWISE SPECIMENS TESTED EDGEWISE

-70 0 77 200
TEMPERATURE, OF

Figure 5.~ Variation of Izod impact strength with temperature for
high-strength-paper phenolic laminate,
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NACA TN No. 1054 Fig. 6

1Z0D IMPACT STRENGTH, FT-LB/IN, OFa NOTCH

Tob—— —— = - - — e L=

V1l = SHEEET 1/8 INCH THIOK

V2 = SHEET 1/2-INOH THICK

LF = LENGTHWISE SPECIMENS TESTED FLATWISE
! LE = LENGTEWISE SPECIMENS TESTED EDGEWISE

OF = CROSSWISE SPEQIMENS TESTED FLATWISE

CE = CROSSWISE SPECIMENS TESTED EDGEWISE

| B | ]
° -70 (o] 77 200

TEMPERATURE, °F

Figure 6.- Variation of Izod impact strength with

-~ temperature for low-pressure grade C cotton-
fabric phenolic laminate. Mean va.lue * etandard error
is indicated by {: or X. :
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W1 = SHEET 1/8-INOH THICK
W2 = SHEET 1/2-INCH THICK
1.0 LF = LENGTHWISE SPECIMENS TESTED FLATWISE —
LE = LENGTHWISE SPECIMENS TESTED EDGEWISE
OF = CROSSWISE SPECIMENS TESTED FLATWISE
CE = CROSSWISE SPECIMENS TESTED EDGERISE
L | L |
-70 R : 0 77 200

TEMPERATURE, °F

Figure 7.- Variation of Izod impact strength with
temperature for high-pressure grade ¢ cotton-

fabric phenolic laminate. Mean value * standard error

is indicated by ¢ or X.



NACA TV No. 1054

5
‘_
@)
Z 150
L
O
Z
N
a
1
i
L
u el
£ 100
O
prd
L)
e
(dp]
I._
2
a
=2 50
o
N
o

Fig. 8
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s e =N,
— \Z\z\CF

W

Z1 SHEET 1/8-INCH THICK

Z2 SHEET ¥/2-INCH THICK

LF LENGTHWISE SPECIMENS TESTED FLATWISE
LE LENGTHWISE SPECIMENS TESTED EDGEWISE
CF CROSSWISE SPECIMENS TESTED FLATWISE

CE CROSSWISE SPECIMENS TESTED EDGEWISE

-70 o) ' 77 ' ' T -*200
TEMPERATURE, °F

Figure 8.- Variation of Izod impact strength with
temperature for rayon-cotton-fabric
paenolic laminate.
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LB/IN2

103

FLEXURAL STRENGTH,

70

60

50

o]

TYPE OF LAMINATE

GRADE C PHENOLIC

ASBESTOS-FABRIC PHENOLIC
LOW-PRESSURE COTTON-FABRIC PHENOLIC
HIGH-STRENGTH-PAPER PHENOLIC
GLASS-FABRIC UNSATURATED-POLYESTER

nwrx -

c

LOW-PRESSURE GRADE C PHENOLIC
HIGH-PRESSURE GRADE C PHENOLIC
RAYON-COTTON-FABRIC PHENOLIC
GLASS-FABRIC UNSATURATED-POLYESTER

/

-70 77 200

TEMPERATURE, °F

Figure 9.- Variation of flexural strength with temperature
_ for 1/2-inch thick laminates. Lengthwise
specirens tested flatwise. Span-depth ratio 8:1.
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SPECIFIC FLEXURAL STRENGTH, JZ5LE N

TYPE OF LAMINATE

GRADE C PHENOLIC .
ASBESTOS-FABRIC PHENOLIC

LOW~PRESSURE COTTON-FABRIC PHENOLIC
HIGH-STRENGTH - PAPER PHENOLIC
GLASS-FABRIC UNSATURATED-POLYESTER |
LOW-PRESSURE GRADE C PHENOLIC
HIGH-PRESSURE GRADE C PHENOLIC
RAYON-COTTON-FABRIC PHENOLIC
GLAS5-FABRIC UNSATURATED-POLYESTER

|
i

ENi<cmrz_

]

0 ZUSAB I LVWEK ZUSAB I LVWK- ZUSATLVWE
-700F 770F- 2000F

laminates at three temperatures. Lengthwise specimens
tested flatwiee. Span-depth ratic 8:l.

Figure 10.- Comparison of specific flexural strength of 1/2-inch-thick
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v LOW-PRESSURE GRADE C PHENOLIC '
W HIGH-PRESSURE GRADE C PHENOLIC
Z RAYON-COTTON-FABRIC PHENOLIC
% AB GLASS—-FABRIC UNSATURATED-POLYESTER
D 300
—
©
Q y
2 250
QO
=
v . .
j 2.00
L
L . y4
O \
o 150
2
3 L \ \
) \ i
@) W
= oo - ‘“\\g
2 o
Z .50
o) -70 77 ' 200

TEMPERATURE, ° F

Figure 1l1.- Variation of initial flexural modulus of
elasticity with temperature for 1/2-inch-

thick laminates. Lengthwise specimens tested flatwise.

Span-depth ratio 8:1. ' _
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1/2-inch-tnick laminates at three temperatures. Lengthwise
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Figure 14.- Flexural stress-~deflection curves for 1/2-

inch-thick laminates at 77°F. Lengthwise

specimens tested flatwise. Span-dgpth ratio 8:1.



DEFLECTION AT MID-SPAN, IN.

NACA TN No. 1054 Fig. 15
- / /[ 10/
' /
77°E
fﬂ 20 /) P
» /
é | 15 A 200°F.
wn - /
o
W
9 /
w J///J
w [0
s /
i
o
e
A }/;4£ INITIAL MODULUS OF ELASTICITY
5 -700F: 1,600,000 PSI
770F: 1,080,000 PSI
2000F; 860,000 PeI
0 050 J0o 150 .200

Figure 15.- Flexural stress-deflection curves for grade
C cotton-fabric phenolic laminate, IZ2. .
Lengthwise specimens tested flatwise. Span-depth ratio 8:1.
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- Figure 16.- Flexural stress-deflection curves for grade
_‘ AA asbestos-fabric phenolic laminate, X3.
Lengthwise specimens tested flatwise. Span-depth ratio 8:1.
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Fizure 17.- Flexural siress—deflection curves for low-pressure cotton-
fabric phenolic laminate, L2, Lengthwise speclmens tested

flatwise. Span-depth ratio 8:1,
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Figure 13.- Flexural stress-deflection curves for high-
strength-paper phenolic laminate, S3.
Lengthwise specimens tested flatwise. Span-depgh_ratio 8:1.
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Figure 192.- Flexural stress-deflection curves for glass-

fabric laminate bonded with unsaturated
polyester resin, U3. Lengthwise specimens tested flatwise
Svan~-depth ratio 8:1.
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Figure 230.- Flexural stress-deflection curves for low-pressure grade 0 N
cotton~-fabric phenolic laminate, V2. Lengthwise specimens o
tested flatwise. Span-depth ratio 8:1, -
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Figure 3l.- Flexural stress-deflection curves for high-
pressure grade C cotton-fabric phenolice

laminate, W2. Lengthwise specimen tested flatwise, Span-
depth ratio 8:1. '
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Figure'za.- Flexural siress-deflection curves for rayon-

Span-~-depth ratio 8:1.

cotton-fabric phenolic laminate, Z23.
Lengthwise specimens tested flatwise at three te

mpertures.
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Figure 23.- Flexural stress-deflection curves for glass~

fabric laminate, AB2. Lengthwise apecimens
tested flatwise. Span-depth ratio 8:1.
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Figure 24.- Flexural stress-deflection curves for aabestoa—f&bric
phenolic laminate, K3, at 770F, Span-depth ratio 8:1.
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Figure 35.- Flexural stress-deflection curves for glass-fabric
laminate bonded with unsaturated polyester resin, U2,
at 77°F. Bpan-depth ratio 8:1.
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Figure 26.- Flexural stress-deflection curves for rayén—
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cotton-fabric phenolic laminate,

flatwise at 77°F. Span-depth ratio 8:1.
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Figure 27.- Flexural stress-deflection curves for
fabric laminate, AB2, tested flatwise at 77°F.
Span-depth ratio 8:1.
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